► Early identification of heart failure (HF) is key to effective management, but diagnosis can be challenging, especially in primary care. ► National Institute for Health and Care Excellence (NICE) guidelines recommend investigation of patients with suspected HF with echocardiogram and/ or serum natriuretic peptide, followed by specialist referral; the degree of adherence to this recommendation is low, but the relation with outcomes in practice is not known.
What this study adds?
► Of patients with heart failure (HF) symptoms recorded in primary care, those who followed a pathway aligned with the NICE guidelines had significantly lower risk of emergency HF admission than, but similar risk of death to, patients treated symptomatically or managed conservatively in the risk-adjusted models.
How might this impact on clinical practice?
► There may be missed opportunities for earlier HF diagnosis in primary care, and more patients could benefit from better outcomes if investigated for HF rather than treated symptomatically or managed conservatively.
AbstrAct
Objective To describe associations between initial management of people presenting with heart failure (HF) symptoms in primary care, including compliance with the recommendations of the National Institute for Health and Care Excellence (NICE), and subsequent unplanned hospitalisation for HF and death. Methods This is a retrospective cohort study using data from general practices submitting records to the Clinical Practice Research Datalink. The cohort comprised patients diagnosed with HF during 2010-2013 and presenting to their general practitioners with breathlessness, fatigue or ankle swelling.
Results 13 897 patients were included in the study. Within the first 6 months, only 7% had completed the NICE-recommended pathway; another 18.6% had followed part of it (B-type natriuretic peptide testing and/ or echocardiography, or specialist referral). Significant differences in hazards were seen in unadjusted analysis in favour of full or partial completion of the NICErecommended pathway. Covariate adjustment attenuated the relations with death much more than those for HF admission. Compared with patients placed on the NICE pathway, treatment with HF medications had an HR of 1.16 (95% CI 1.05 to 1.28, p=0.003) for HF admission and 1.03 (95% CI 0.90 to 1.17, p= 0.674) for death. Patients who partially followed the NICE pathway had similar hazards to those who completed it. Patients on no pathway had the highest hazard for HF admission at 1.30 (95% 1.18 to 1.43, p<0.001) but similar hazard for death. Conclusions Patients not put on at least some elements of the NICE-recommended pathway had significantly higher risk of HF admission but non-significant higher risk of death than other patients had.
IntROduCtIOn
Around 40 million people have heart failure (HF) worldwide, 1 with 550 000 in the UK. Timely diagnosis is necessary to allow initiation of appropriate management, 3 4 but this can be difficult, and with no single diagnostic screening test professionals traditionally rely on the classic symptoms of breathlessness, ankle swelling and fatigue to alert them to the possibility of the diagnosis. 5 Patients with HF often present first in primary care where diagnosis and initial management are supported by professional guidelines. [5] [6] [7] [8] The National Institute for Health and Care Excellence (NICE) provides recommendations on the use of serum B-type natriuretic peptide (NP) or N-terminal pro-B-type natriuretic peptide testing for patients with symptoms suggestive of HF, as well as echocardiographic imaging of the heart ('echo'), specialist referral, and prescription of medications shown to improve symptoms and prognosis in HF with a reduced ejection fraction (HFrEF) (beta-blockers, ACE inhibitors or angiotensin II blockers (ARB), and mineralocorticoid receptor antagonists). 6 We have previously described 9 the different diagnostic and management approaches ('pathways') in primary care in patients in England subsequently diagnosed with HF. In this study, we use the same linked primary and secondary care data to describe associations between general practitioner (GP) initial diagnostic work-up and management pathway and subsequent emergency hospitalisation for HF or death.
MetHOds data sources
The Clinical Practice Research Datalink (CPRD) contains anonymised electronic records from about 7% of UK general practices from 1987 to the present. Primary care records are linked nationally to hospital admissions (Hospital Episode Statistics (HES)) and the death registry (Office for National Statistics (ONS)). We used data for the 10-year period from 2005 to 2014.
Patient cohort
We searched for patients diagnosed with HF between 1 January 2010 and 31 March 2013. Diagnosis date was defined as the first coded record of HF either in the primary care record or in hospital admission data in that period; patients with any HF code in the previous 5 years were excluded. In primary care records, we identified consultations using published codes augmented by our local clinicians (see online supplementary appendix 1 9 10 ). In HES, the International Statistical Classification of Diseases, 10th revision, codes could be recorded as either primary or secondary diagnoses; the earliest record of either was used.
Seeking to analyse the effect of management received after presentation with symptom(s), we included only patients with a record of HF symptom(s) before their diagnosis (tracking back up to 5 years). Published clinical codes for tests, medications and referrals were used (see online supplementary appendix 1) to identify the management between the time of first presentation and diagnosis.
The following patient characteristics were defined at the time of their first symptom(s): gender, age, deprivation quintile (using the Index of Multiple Deprivation score 2010), history of selected comorbidities (tracking back up to 5 years) and symptom type at first presentation (breathlessness only, ankle swelling only, fatigue only, or two or more symptoms). We also recorded whether patients had had another consultation for HF symptoms within 6 months of first presentation. Comorbidities from the Charlson code set were defined as per Khan et al, 11 with some additions by our team. 9 Otherwise, codes were identified using the CPRD medical and product dictionaries.
Outcomes
Outcomes of interest were first-ever hospital admission for HF and all-cause death. For patients with HF recorded first in primary care, the former was defined as an admission with HF as primary diagnosis; for patients with HF recorded first in hospital, it was defined as an admission with HF recorded as primary or secondary diagnosis. Death was identified via the ONS mortality records.
Pathway definitions
We classified management into four 'pathways', combining some of the seven in our earlier study, 9 depending on investigations, medications and referrals recorded in primary care consultations using two time frames: the first 6 months and 5 years following HF symptom. Pathway 1 (the 'NICE-recommended pathway') comprised patients investigated in accordance with the NICE recommendations (serum NP test and/or echocardiogram and referral to a specialist). Pathway 2 referred to partial concordance with guideline recommendations. Patients who had no investigations or referral recorded but were either already taking or started on relevant medications for HF (ACE inhibitors, ARBs and HF-specific beta-blockers prescribed between 1 year before and after the date of HF symptom) were categorised as pathway 3. Pathway 4 ('Other pathway') covered those who had received no NICE-recommended diagnostic or treatment elements, although they may have received other relevant management options, such as smoking cessation advice, influenza vaccination, an ECG and/or a non-HF-specific beta-blocker.
time frame, exclusion criteria and sensitivity analyses Standard CPRD exclusion criteria were applied first (see online supplementary appendix 1). Patients with any HF code in the 5 years before January 2010 were also excluded. Few patients completed the NICE elements within its recommended time frame of at most 6 weeks. To accommodate this, we allowed first 6 months and second 5 years after their first symptom presentation for all the elements to be done, allocating each patient to a particular pathway according to how they had been managed in these time periods. Some patients deteriorate quickly following presentation with symptoms, and hospitalisation for HF and death both interrupt the GP's management and completion of the NICE pathway (immortal time bias). To avoid this interruption, we excluded those who died or were hospitalised for HF within 6 months of their first symptom. In sensitivity analyses, we compared the proportions on each pathway and the crude outcome rates for the excluded patients with the included ones and with all patients combined. We also modelled all patients without exclusions for outcome by incorporating the pathway as a time-varying covariate. statistical analysis Patient characteristics were summarised for all patients at the time of first recorded HF symptom. Cumulative incidence functions described the crude association between pathway taken and each outcome. Cause-specific hazards regression models were used to calculate adjusted HRs and 95% CIs for the association between pathway and outcome; these hazards account for the competing risk of death in the model for first-ever HF admission. Models also included gender, age, source of HF diagnosis (whether primary care or hospital-only for death), comorbidity history (as count and as individual diseases), symptom at first presentation, and whether patients received another consultation for HF symptoms within 6 months of their first one. The proportional hazards assumption was checked by plotting the Schoenfeld residuals against time. Analyses were conducted using SAS V.9.4.
Results
There were 2610 patients excluded because they died or were hospitalised for HF within 6 months of symptom presentation, leaving 13 897 patients for analysis (table 1) . The included patients were typically elderly with multiple comorbidities. The majority (65%) had breathlessness recorded as their presenting symptom, and about one in four presented more than once in primary care in the first 6 months with an HF symptom. Table 2 summarises how they were managed in the first 6 months and 5 years after initial presentation. Within the first 6 months, only 7% had completed the NICE-recommended pathway (pathway 1); another 18.6% followed part of it (pathway 2). After 5 years, only 25% had completed the NICE-recommended pathway. In the excluded patients, 7% completed pathway 1 within 6 months, same as for the included ones, but fewer (23%) were on no pathway. Table 3 gives the crude outcome rates from presentation with symptoms to the end of study follow-up. The rates of both outcomes were lowest for patients on the NICE-recommended pathway (second column)-advantages that were maintained even without excluding any of the patients who had an outcome within 6 months of presentation with symptoms (last column). Figures 1 and 2 show the crude rate of each outcome over time by pathway. There were statistically significant differences between pathways, although with some change in the differences between pathways over the duration of follow-up. Those on the NICE-recommended pathway (pathway 1) initially had a higher rate of HF admission, but by the end of the follow-up period those with partial NICE adherence (pathway 2) or no pathway (pathway 4) had the highest admission rate. Those following no pathway also had the highest rate of death by the end of follow-up.
In the unadjusted comparisons, only deprivation and some comorbidities were not significant predictors of outcomes (see online supplementary appendix 1).
Strong differences in unadjusted hazards were identified by pathway for both outcomes. For example, compared with the NICE-recommended pathway (pathway 1), those on no pathway (pathway 4) had an HR of 1.28 for the first HF admission (p<0.001) and 1.20 for death (p<0.001). Following covariate adjustment, the HR for those on no pathway was only slightly changed for the first HF admission (1.30, p<0.001) but attenuated to 1.11 (p=0.123) for death (table 4). The main factor responsible for the attenuation was adjustment for place of diagnosis (primary care or hospital): patients diagnosed during admission for HF had higher hazard of death (HR=1.34, p<0.001). Only small differences were seen between crude and adjusted hazards of death for the other pathways.
We tested the proportional hazards assumption for each predictor. Despite the impression given by figures 1 and 2 of the crude associations, where the NICE pathway patients initially had higher HF admission rates, the assumption was met for all predictors, including pathway, in the full model (see online supplementary appendix 1 for crude outcome rates at 1 year).
The results presented relate to the association between outcome and pathway taken within the first 6 months of symptoms. The same analyses were carried out for the pathway taken within 5 years but are not shown as the effects were similar but simply greater in magnitude. The models without exclusions for outcome but with pathway as a time-varying covariate led to similar conclusions but attenuated HRs for emergency HF admission for treatment with medication (HR=1.06 (0.99 to 1.13), p=0.077) and for no pathway (HR=1.14 (1.07 to 1.21), p<0.001; see online supplementary appendix 1).
dIsCussIOn We found strong crude and covariate-adjusted associations between initial management pathway and the first emergency admission for HF. The 7% of patients who followed the NICE-recommended route had the lowest hazards for HF admission; those treated with medication but not investigated or referred had 16% higher odds of HF admission, and those on no pathway had the highest odds. Crude associations between initial management pathway and death became statistically non-significant after covariate adjustment.
Comparisons with other studies CPRD was recently used to look at prognosis following HF diagnosis in primary care and secondary outpatient care, 4 focusing on place of diagnosis (either primary or secondary care) rather than the route to diagnosis. Patients admitted to hospital with worsening HF but not known in primary care to have HF had the worst prognosis and management: we excluded these patients from Heart failure and cardiomyopathies Figure 1 Cumulative incidence of, and 95% CI for, first HF emergency admission starting from 6 months after symptom by pathway taken (p<0.0001). HF, heart failure; NICE, National Institute for Health and Care Excellence.
our study by requiring at least 6 months between presentation with symptoms and either outcome.
strengths and limitations
The CPRD population is broadly representative of the UK population in terms of age, sex and ethnicity, 12 and the database is well used in research 13 ; HES covers all National Health Service (NHS) hospitals in England and has highly accurate primary diagnosis coding. 14 Linkage between them and with the death registry allows tracking of patient pathways through the whole system. CPRD data are derived from clinical codes entered by GPs during consultations and therefore reflect information that GPs have for decision-making. In the UK, the national pay-for-performance scheme, the Quality and Outcomes Framework, incentivises the recording of clinical codes for certain chronic diseases including HF. This makes proper diagnoses when known more likely to be used than, for example, symptom codes. 15 However, clinical coding in primary care remains highly variable, 16 with much important data recorded in free text. We defined our cohort based on HF symptoms recorded in GP consultations. The validity of this depends both on patients reporting symptoms and on GPs recording them as Read codes; we note that we cannot be certain that the first recording of any of the three symptoms or treatment with medication marked the onset of HF. In our previous study, we found a small proportion of patients following the NICE-recommended HF pathway despite having none of the three main symptoms entered. 9 It seems likely that there is particular variability in coding of presenting symptoms, as opposed to diagnostic or examination codes which may be subject to incentives. This may explain, for example, why we found no association between reconsulting for HF symptoms and outcomes; coding of repeat occurrences of the same symptom may be particularly unreliable. We have described elsewhere other data quality considerations, such as CPRD lacking ejection fraction and NP levels in most patients. 9 Similar issues apply to coding investigations such as echocardiography.
We allowed 6 months from first presentation with HF symptom(s) for the GP to suspect HF and complete the pathway. Suspicion may develop slowly if the main symptom is fatigue and/or the patient already has other conditions such as COPD associated with similar symptoms. However, extending this period would result in loss of cases and changes in assigned pathway for an increasing number of patients. We were encouraged by the between-pathway differences in crude outcome rates in the included set of patients being similar to those for all patients with no exclusion (table 3) .
In an observational study, we cannot draw causal inferences from the associations between pathway and outcomes. Our models adjusted for several confounders, and the elevated crude HRs for death were notably attenuated. Adjustment had much less impact on the HRs for the first HF admission. Ejection fraction varies by age and sex, so adjustment for these variables will represent partial adjustment for ejection fraction, 17 but we cannot tell whether adjustment for unavailable factors such as ejection fraction and NP levels would have modified these relationships. We can say, however, that patients who avoid admission or death for at least 6 months from initial presentation with symptom(s) and who follow the NICE-recommended pathway have significantly lower odds of HF admission than others.
More than one in three of our sample were given medication for HF without referral for echocardiography. These patients, and those following no pathway, had higher risk of admission for HF risk than those following the NICE-recommended pathway. Overall, it is likely that up to half of people with HF have a preserved left ventricular ejection fraction (HFpEF) and therefore will not likely benefit prognostically from drug treatment 17 ; those following a NICE pathway may at least be offered cardiac rehabilitation following cardiology review, which can benefit those with HFpEF, 18 and are likely to have better controlled symptoms and comorbidity. Even if patients offered only treatment (without proper diagnosis) had HFrEF and could therefore benefit, this may not have been properly implemented: HF medications need to be titrated up over time, which may not occur without specialist clinic instructions. Furthermore, as our group of 'HF medications' is not specific to HF, these patients might have been given treatments (eg, an ACE inhibitor) for another indication, such as hypertension or diabetes. Those on neither a NICE-recommended pathway nor treatment had the highest risk of admission. It seems likely that some of these were more unwell than those on the NICE pathway (GPs may have sent some of those on pathways 2, 3 and 4 straight to the hospital if acutely unwell), and some will have HFrEF and potentially amenable to treatment which they did not receive.
Both referrals and echocardiograms may be made for reasons other than suspected HF. Nevertheless, we have assumed that in our cohort, consisting of patients with a recorded diagnosis of HF, they were made for this indication. Serum NP testing was recommended in the 2005 European Society of Cardiology and the August 2010 NICE guidance but only available for a minority of practices during our study period. It is now more widely used, although threshold values are still under discussion. 3 Our study relates to a centrally funded healthcare system in a large European country with detailed data collection available for analysis, but timely diagnosis and management of HF in primary care is not a problem unique to the UK. 19 20 We focused on the UK's NICE guidelines, but European and US guidelines make similar recommendations. 5 21 The association between initial management of HF and patient outcomes is likely to be applicable to many health systems, particularly those where primary care acts as a gatekeeper to specialist services.
Implications for policy and practice Diagnosing HF in primary care is a significant challenge. 3 limited access to investigations, low confidence in interpretation of investigation results, 3 lack of knowledge of clinical guidelines and perceived information overload. Keeping up to date is a major task. 22 The lower hazard of admission for patients placed on an appropriate NICE-recommended pathway is encouraging and provides real-world evidence to support NICE guidelines on managing HF. Nevertheless, our results suggest that NICE guidelines (currently being updated) are not followed in primary care for the vast majority of patients who go on to be diagnosed with HF, with a significantly increased associated risk of emergency hospitalisation. Future revisions to quality improvement programmes for HF-such as the Quality and Outcomes Framework in England-should focus on supporting health professionals to make a timely diagnosis and place patients on a suitable care pathway early in the course of their illness. This would also require the NHS making diagnostic services-such as echocardiography-more widely available, and also through greater support for GPs, for example, through specialist heart nurses working in community settings. Contributors AB, DK and BH conceived and designed this study. AB and DK prepared the data. DK carried out the analysis, overseen by AB and BH. All authors took part in interpreting the data for this study. All authors commented on and helped to revise drafts of this paper. All authors have approved the final version. AB is the guarantor. Provenance and peer review Not commissioned; internally peer reviewed. data sharing statement Due to information governance rules applicable to CPRD, no patient-level data are available for sharing.
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